The aim of this paper is to study the effect of collisions between the adjacent structures during the earthquake and its effect on the behavior of the structure. The collisions could lead to local damage or even total collapse of colliding structures. A model was performed on the ETABS program to model the pounding between the adjacent structures by using Gap element. The study was applied on a different height and a gap distance between the adjacent structures in order to understand and explain the effect of collision on the behavior of the structure and to clarify the danger of its occurrence. The results of the studied cases in case of pounding were compared with the normal case without pounding, where the Displacement, inter storey drift, impact force and max storey shear force were discussed. These results showed that both buildings were affected by the collision .Therefore, precautions should be taken to prevent the collision by having sufficient distance or design a system that can withstand the force resulting from these shocks.
INTRODUCTION

Background Review
During the earthquake there are many types of failures and damage that may occur to the building. Some are due to design errors and others are due to external factors that have not be taken into account in design such as, pounding between adjacent structures. One of the most serious factors affecting the building during the earthquake is the collision between the adjacent structures. Lack of sufficient distance cannot provide a space for the response of the structure as different dynamic characteristics of adjacent structure. Usually, risk of pounding is because of resulting in impact force on the building was not taking into account, occurred when designing the structure which can lead to a total collapse of the structure. Pounding between adjacent buildings has been observed during many historical earthquakes where it is one of the reasons that led to significant damage to buildings such as the 2010 Darfield earthquake (1), the 1989 Loma Prieta earthquake (2) and The Mexico Earthquake-1985 (3) .
The damage resulting from the pounding between the adjacent structures can be divided into two types: Type one is local damage caused by point of impact, type two is global damage depends on the dynamic characteristics of adjacent structure.
Research objectives
1-Select of the most important and most common variables to study their effects on the pounding phenomenon, such as the building height, the separation distance, the earthquake record and building arrangement.
2-Suggest a model which is able to simulate the behavior of the structure during the pounding and is able to represent the impact force between the adjacent structures correctly.
3-Negative or positive effects have been determined by comparing the results of the structure in the case of pounding with the normal case without pounding. 
4-Introduce recommendations and conclusions.
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LITERATURE REVIEW
Many researchers studied the phenomenon of pounding between the adjacent structures and the impact and danger of their occurrence on the behavior of the structure. Hytham Elwardany et al. (5) Studied the effect of the infill panels on the collision between several adjacent buildings during the earthquake. The study showed that the infill panels have a significant impact on the behavior of the structure and play an effective role in reducing the displacement in some cases. Filling all panels of the bare frames with masonry increases the stiffness and no pounding has been observed. Muhammad Noman et al. (6) Studied the effect of collisions between buildings of different height. The study was carried out by using SAP software and using pushover analysis and in-elastic time history analysis method for these buildings. The study aims to identify the minimum distance between the medium-rise buildings in Pakistan and the effect of collisions on the displacement and the shear force. The study showed that adjacent buildings without a separation distance result in additional shear force. The study also showed that a separation distance greater than 6 inch does not cause a collision and that a 3 inch distance was sufficient for the buildings whose height is up to 3 stories. The study discussed several ways of preventing and reducing the pounding, such as the ways of connecting the buildings by connecting the two columns are expected to the collision and this has reduced the displacement of the attached building. Arpitha k and Umadevi R (7) studied the impact of collisions by model two adjacent structures in different cases and different height on ETABS program. The study shows that for all the studied cases, there is impact force generated between the two adjacent structures due to lack of gap distance. The higher buildings suffer more in terms of displacement and deformation resulting from the collision. M.ghandila et al. (8) studied the impact of collisions on torsionally eccentricity steel frame and its effects on displacement, story drift and shear force .The study show that the values of the story drift of the upper storey of the higher building have greater value compared to other buildings. The shear force of the last storey of the short building has great value compared to other storey as well as the upper floors of the tall building has great value of the shear force .
Many researchers have studied different ways to reduce and mitigation technique: Robert Jankowski et al. (9) made a laboratory experiment to clarify the role of polymer elements between buildings to reduce effect of collision. He modeled three steel towers on a shaking table to simulate the earthquake. The results of the experiment showed that the polymer elements have an effective role in preventing damage caused by the collision and has an effective role in improving structural properties as it reduces vibration during earthquake. Shehata E. Abdel Raheem (10) studied the impact of collision on global response of a structure and use rubber shock absorber device as mitigation technique. The Results showed that pounding can amplify the global response of participating structural systems and causing increase in the values of acceleration and shear at various story levels. The use of the rubber shock was effective in reducing the impact force between adjacent structures and thus the acceleration values also decreased. The study also showed that the rubber pad size affects the impact force, relative displacement and acceleration responses at expansion joint where responses are significantly decreased with the increase of rubber sock absorbing device size up to half gap size. Nasser Zaki et al. (11) studied the impact of pounding and ways to mitigation effect of pounding between adjacent buildings by using localized interconnections between different levels of adjacent building. The results showed that Linking of adjacent buildings at Last storey of short building has an effective role in reducing and preventing collisions. The connection of buildings with different level height reduces pounding but at the same time increases the displacement of the short building and increases storey shear above the level of the last story of the shortest building.
NUMERICAL MODELING AND ANALYSIS
Building description
The building consists of multi-storey reinforced concrete frame building. The floor plans (typical) are shown in Figure 1 . The building consists of three bays in each direction, the width of the bay is 5 meters and the height of the first storey is 4 m and the other 3 meters. Three buildings were discussed, 10 floors, 6 floors and 4 floors, were modeled on the ETABS (as shown in Figure  5 ).The structural system consists of moment frame systems. The buildings were designed according to EC.8 (EN 1998) (4) . The structure will be designed for ductility class DCM and framing type DC medium.
Figure 1 Structural layout of the building.
The slab thick is 0.15 m thick and the Column and beam sections are designed in ETABS by auto select list which is a list of previously defined concrete sections.
Loads affecting the structures
The loads that affect the building which have been studied and taken into consideration for the design of the structure are divided into two parts; firstly, vertical loads as shown in the table 1   Table 1 The values of vertical loads Secondly, seismic action which can be exposed to the structure and these loads are characterized by changing over time (time-varying load). The seismic analysis can be linear analysis or non-linear analysis. The linear analysis can be static (lateral force method) or dynamic (modal response spectrum). The non-linear analysis can be static (pushover analysis) or dynamic (inelastic time history analysis).
In this study response spectrum method was used to compare and verify the safety of the design of frame section without consideration pounding effect. Figure 2 Structural layout of the structure. Table 2 Response spectrum parameters Non-linear direct integration time history analysis was used as a method of analysis taking into account the effect pounding. A two-dimensional finite element model was used to model the structure.
El Centro Earthquake time history function was selected as shown in figure 3 and response spectra for El Centro earthquake and time period of structures as shown in figure 4 Behavior factor, q 3 Figure 4 response spectra for El Centro earthquake
Gap element tool
The ETABS program provides the ability to represent the connection between the two adjacent structures during the collision by gap elements (as shown in figure 5 ). Gap element is a tool used to simulate pounding between two buildings during an earthquake and occurs when the displacement of each building is larger than the gap distance.
The properties of the gap element are determined by csi reference manual (14) . Gap element tool consists of six degree of freedom each degree of freedom is independent. Gap element is a non-tension element (transmit compression force only).
Where k is the spring constant, d is the relative deformation across the spring and open is initial gap opening, which must be zero or positive.
Gap element stiffness proportional to the axial stiffness of the colliding structure (EA=L) or can defined by Hertz model (12) where K is the impact stiffness determined by the geometry of the colliding bodies and can be written as:
Where h1, h2 are material parameters defined as:
Where and are the Poisson's ratio and modulus of elasticity. R1 and R2 the equivalent spheres of colliding bodies
Where is colliding mass and ρ is the density of concrete. 
Stage of analysis
Stage 1: Design of the structure under the effect of gravity and earthquake load (response spectrum method) a) ten story building b) six story building c) four story building 
Stage 3 pounding between adjacent buildings
Several cases will be studied to clarify effect of pounding between buildings. In case of 10-storey building, there are increases in the results of the displacement in the direction of the adjacent building. The displacement values have increased in upper storey from the fifth storey to the tenth storey. In the other direction, the results of the maximum storey displacement decreased for all storey.
RESULTS AND DISCUSSIONS
In case of 4-storey building, the results of the maximum storey displacement have changed better in all cases compared to the case of building without pounding. The displacement in the direction of the 10-storey building was significantly lower than the other direction. This is because the ten-storey building restricts the movement of the fourstory building in this direction. 
Case 1: (10-4) storey building (The results of max storey shear force)
In case of 10-storey building, there is an increase in the max storey shear force as a result of the pounding. There is a significant increase of the shear force results from the fifth storey (directly above the collision level) until the last storey. The results increased by 76% at the level of the last storey and up to 73% at the level of the fifth storey in the case of building in series with gap 2 cm. The max shear force at the level of the fifth storey is a critical because the increase rate is significant and effective compared to normal case without pounding .This increase has a significant impact on the safety of the structure. Also, the rate of increase in the results of the shear force in the last storey is big and effective and columns size are usually minimized in the last storey so these results should be considered.
In case of four-storey building, The first and last storey are the most affected where The shear force increased in the fourth storey by 70% in the case of three adjacent buildings with gap 1cm and increased by 60% in the ground storey in the case of two adjacent buildings with a gap 2 cm. a) Maximum storey shear force with gap 1cm. b) Maximum storey shear force with gap 2 cm. 
The results of max storey drift:
In case of ten-storey building, there is an increase in the value of the maximum storey drift in the direction of the adjacent building in the case of two adjacent buildings where the increase is from the fifth storey (directly above the level of collision) until the tenth storey. The largest value of storey drift was in the tenth storey where it reached .00258 in the case of two adjacent buildings with a gap distance 1 cm with an increase rate of 67 % compared to the building without pounding. The maximum storey drift in the other direction in case of pounding decreased compared to the normal situation without pounding. In the case of three adjacent buildings there is an increase in storey drift in both directions and the greatest value of the storey drift was in the case of gap distance 1 cm and reached 0.00252 with an increase rate up to 63% compared to the normal situation without pounding.
In case of four-storey building, the value of the maximum storey drift decreased in the most cases, except in the case of building in series with gap 2 cm, where there is a slight increase in the value of the maximum storey drift on the last storey. The value of the maximum storey drift on the level of the last storey in the case of building in series with gap 2 cm was 0.0032 with a percentage increase of 27% compared to the normal situation without pounding. So the 10-storey building is the most affected and suffering from the pounding. 
Case 2: (10-6) storey building (The results of max storey displacement)
In case of 10-storey building, In the case of two adjacent building the results of the displacement decreased in the direction of the adjacent structure and increased in the other direction. The case of adjacent buildings with gap distance 1 cm is more critical than the case of adjacent buildings with gap 2 cm, where the max story displacement in case of gap distance 1 cm increased by 18% in the free direction and a decreased by 78% in the direction of the adjacent building.
In the case of building in series, the results of the top storey of the 10-storey building are almost identical with the results of the same building without pounding, but there is a slight increase in the lower storey in the direction of the adjacent building. The maximum value of displacement in the case of no pounding was -0.1 m and the maximum value in the case of a pounding 0.12 m. Therefore, the pounding negatively affected the results of the displacement.
In case of 6-storey building, the results show that the sixstorey building is the most affected compared to the 10storey building. The results of the displacement in the direction of the left building was significantly decreased by 68% in the case of building in series with gap 1 cm and 69% in the case of two adjacent buildings and with gap 1 cm.
For the other direction, there is a large increase in the values of the max displacements in case of three adjacent buildings and in case of two adjacent buildings with gap 1 cm where the displacement increased by 49% and 50%, respectively. The max value for displacement in the case of no pounding was 0.068 m and the max value in the case of pounding was 0.082 m (in the case of building in series with gap 1 cm). The pounding negatively affected the results of the building of the six-storey building. a) Maximum storey displacement with gap 1cm. b) Maximum storey displacement with gap 2cm. In case of 10-storey building, there is an increase in the results of the shear force from the seventh storey (directly above the collision level) until the last storey. The max increase rate occurred on the last storey where the storey shear force increased by 54% in the case of two adjacent buildings with a gap distance 1cm. The storey shear force in the level of the seventh storey increased by 46 % in the case of building in series with gap 1 cm. In case of 6-storey building, there is an increase at all storey and where the storey shear force increased 163% at the level of the last storey in the case of three adjacent building This increase is very large and very effective. It can be said that the six storey building is the one who suffers more and affected by pounding. In case of ten-storey building, there is an increase in the value of the story drift in the opposite direction of the adjacent building in the case of two adjacent buildings. In the case of three adjacent buildings, there is an increase in all cases from the seventh storey (directly above the collision level) until the tenth storey.
The max increase was in the level of the tenth storey in the case of two adjacent buildings with a gap of 1 cm, where it reached 0.00259 in the case of a pounding and the value of the maximum storey drift in the case of no pounding was 0.0015 m, which increased by 45% .
In the direction of the adjacent building, the results were almost unchanged except in the case of two adjacent buildings with a distance of 1 cm.
In case of six-storey building, the value of the drift was significantly increased in the opposite direction of the adjacent building. The largest increase was in the case of two adjacent buildings. The value of the max drift reached .0023 in case of pounding and .0012 in case of no pounding where the result increased by 89%.
In the other direction the value of the drift decreased in most cases, except in the case of three adjacent buildings with a distance of 1 cm. a) Maximum storey drift with gap 1cm. b) Maximum storey drift with gap 2 cm. 
CONCLUSION
Conclusion of some important points can be summarized as follows:
1-The higher the height of the floor the greater the impact force and number of collisions generated to reach the largest value at the level of the last storey of the shortest building.
2 -The first floor did not have a collision in all cases.
3-Pounding increase max story shear force for all cases:
In case of the ten storey building, there is an increase of storey shear force above the level of the adjacent short building where we find the largest increase of storey shear force in the level of storey above the next short building.
The maximum increase of the results occurred in the case of (10-4) adjacent buildings due to a large difference in height and mass between the adjacent buildings where the shorter structure works as a barrier to the tall building. The lower part of the ten-story building is constrained by the short building while the upper part moves under the influence of the large unrestricted mass and the result of the earthquake movement Therefore, a large force is generated above this level.
In case of the six storey building, there is an increase in shear force in all storey and in most cases where the biggest increase occurred in the level of the last storey.
In case of the four storey building, there is an increase in shear force in the first and last storey.
4-Pounding increase storey drift in the case of the ten and six storey building while the effect on the four storey building in most cases was positive.
In case of the ten storey building, there is a significant increase in the values of storey drift, especially when there is a large difference in height between the two adjacent buildings such as a case of (10-4) adjacent buildings.
5-
The results of the storey displacement show that the pounding decrease the storey displacement for the four storey building in the case of the (10-4) adjacent buildings.
In case of the ten storey building, there is increase of storey displacement in case of in the direction of the adjacent building and in case of (10-6) adjacent buildings the pounding increases the storey displacement in the opposite direction of the adjacent buildings.
In case of (6-10-6) adjacent buildings the result of the storey displacement of the ten-storey building was close to normal case without pounding due to its restricted movement by the outer six storey building.
In case of (10-4) adjacent buildings the storey displacement increases in the direction of the adjacent building and in case of (10-6) adjacent buildings the pounding increases the storey displacement in the opposite direction of the adjacent buildings however, in the case of (6-10-6) the result of the storey displacement of the tenstorey building was close to normal case without pounding due to its restricted movement by the outer six storey building.
For 6-storey building, there is a significant increase in displacement due to the impact of the ten-storey building on the movement of the smaller building (six storey building) as a result of the collision.
